formed less biofilm than the wild type strain when grown under anaerobic incubation, but displayed higher biofilm formation activity under microaerobic conditions. The adherence to SHA was significantly lower in the mutant when compared with the wild type strain. These results suggest that the transmembrane sensor kinase ArcB, in A. actinomycetemcomitans, senses redox growth conditions and regulates the expression of surface components of the bacterial cell related to biofilm formation and adhesion to saliva coated surfaces.
INTRODUCTION

The gram-negative facultative anaerobic coccobacillus
Aggregatibacter actinomycetemcomitans is associated with several oral and extra oral infections including localized
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A. actinomycetemcomitans arcB aggressive periodontitis (28) . The bacterium produces several virulence factors involved in the colonization of the oral cavity, destruction and inhibition of regeneration of the periodontal tissues and evasion of host defense mechanisms (16, 39) . However, the environmental signals leading to the regulation of most of these factors are still unknown. phosphatase that catalyzes the dephosphorylation of ArcA-P releasing its transcriptional regulator (24) . Upon cessation of signaling, both the cognate response regulator and the sensor kinase undergo dephosphorylation that results in silencing of the system (29) .
In Escherichia coli, expression of genes involved in oxygen utilization is down-regulated as oxygen is depleted, and in a reciprocal fashion, expression of genes encoding alternative anaerobic electron transport pathways or genes needed for fermentation are switched on. Many of these metabolic transitions are controlled at the transcriptional level by the two-component ArcAB regulatory system (13, 31, 35) .
This system is involved in the up-regulation of tri carboxylic acid cycle genes in strains grown on glucose as the sole carbon source (2) and plays a role in the synthesis of polyhydroxyalkanoic acids (PHAs), which accumulate in the cytoplasm and function as a carbon reservoir (27) .
However, many other genes in addition to those involved in redox metabolism are the putative targets of ArcAB regulation, such as the tra operon for conjugation of resistance plasmid R1 (37) , the psi site for Xer-based recombination in plasmid pSC101 (5) , the replication site oriC (21) , and even operons encoding a putative fimbrial-like protein, Mn-superoxide dismutase and iron uptake system (22 
MATERIALS AND METHODS
Bacterial Strains and Plasmids
Bacterial strains used in this study are listed in Table 1 . 
A. actinomycetemcomitans was grown in
553
A. actinomycetemcomitans arcB RT16SrRNA-forward 5´ ACGCTGTAAACGGTGTCG 3´
RT16SrRNA-reverse 5´ TTGCATCGAATTAAACCACAT3´
RTarcB-forward 5´ GCCAATTTCGCGTTA 3´
RTarcB-reverse 5´ TAACGCTGCCCTGTT 3´
A mutagenesis system based on that described by Mintz;
Fives-Taylor (2000) (20) was used to generate an arcB isogenic mutant of A. actinomycetemcomitans VT1169 rif R /nal R (SUNY 465 rifampicin and nalidixic acid resistant). A.
actinomycetemcomitans VT1169, the recipient strain, and E.
coli SM10(λpir) pVTarcB/aad9, the donor strain, were grown to OD 560nm ~ 0.5 and ~0.3 for donor and recipient strains, respectively.
Cells were suspended in TSB-YE without antibiotic, transferred to the surface of TSB-YE agar, and incubated for conjugation in 10% CO 2 at 37 O C for 5 hours.
Transconjugants cells were grown on TSB-YE agar plates containing spectinomycin and rifampicin in 10% CO 2 at 37 O C for 48h. Transconjugants were screened by PCR with primer pairs located upstream and downstream arcB (arcBup and arcBdown) and an internal primer to aad9 gene (intspec)
(described in Table 02 ). 
Adherence to n-hexadecane
The ability to adhere to n-hexadecane was used to determine the relative surface hydrophobicity as described by
Gibbons; Etherden (1983) (14) with some modifications. 
Adherence to saliva-coated hydroxyapatite (SHA)
The attachment to SHA was performed as described by The significance level used was p<0.05. (Fig. 1 ).
RESULTS
Construction
Adherence to n-hexadecane
The adherence to n-hexadecane, representing cell hydrophobicity, was expressed as the percentage of bacteria that remained in the aqueous phase after the treatment compared with the initial value. As shown in Figure 2 , the wild type cells were more hydrophobic than the arcB -mutant in the late exponential growth phase under microaerophilic and anaerobic conditions, and these differences were statistically significant. In Interestingly, the cells grown under anaerobic conditions were more hydrophilic than those bacteria grown in the presence of 10% carbon dioxide, especially at late exponential phase.
Biofilm formation
A. actinomycetemcomitans arcB
Under microaerophilic growth conditions, there was no difference in the amount of biofilm formed between the wild type and the mutant strains using an inoculum of 10 6 CFU/well after 14 and 18 hours of incubation (Fig. 3) However, unlike the wild type strain where there was greater biofilm formation when grown under anaerobic conditions as compared with microaerophilic growth conditions, the mutant strain formed less biofilm under anaerobic growth. hours. This is in contrast to wild type strain which showed a higher biofilm formation under anaerobic incubation for both time periods and inoculum than the arcB -mutant (Fig. 3) .
Adherence to saliva-coated hydroxyapatite (SHA)
The ability to adhere to saliva-coated hydroxyapatite was compared between strains grown until early exponential phase in microaerophilic atmosphere in a quadruplicate assay. The arcB deficient mutant showed a significant (p<0.001) lower ability (average 3.0 +-0.16) to adhere to SHA when compared to the wild type (average 20.06 +-
2.99).
DISCUSSION
Bacteria involved in periodontal diseases live in a highly complex and continuously changing microenvironment to which they must rapidly adapt in order to survive (9) . Biofilm growth promotes a gradual decrease in the oxygen concentration within time, favoring anaerobic bacteria (4).
For an opportunistic periodontopathogen such as A.
actinomycetemcomitans, the presence of systems responding to alteration in oxygen content may be particularly important, due to differences in redox conditions found between oral habitats such as the mucosa, the supragingival biofilm and the periodontal pocket. These variations are not only spatial but also temporal and it is assumed that the switch from being a commensal organism to a pathogen depends on cues obtained from the host, or from other members of the oral microbiota, or a combination of both. The ArcAB system is considered a microaerobic redox regulator (1). However, the differences between wild type and arcB deficient mutant strains were observed in A.
actinomycetemcomitans not only according to the atmosphere of incubation but also regarding to growth phases, indicating that the differential expression of genes induced by ArcAB system may be signaled by other secondary metabolites, as shown for other ArcAB regulated systems.
In E. coli certain fermentation intermediates like acetate and pyruvate accelerate the autophosphorylation activity of
ArcB (12), and D-lactate acts as a significant effector that amplifies ArcB kinase activity (33) . In addition, ArcB not only phosphorylates ArcA, but also the σ S proteolytic targeting factor RssB, suggesting that the redox state of quinones, which controls autophosphorylation of ArcB, not only monitors oxygen but also energy supply (25) . Thus, ArcA, ArcB and RssB can constitute a branched "three-A. actinomycetemcomitans arcB component system", which coordinates rpoS transcription and σ S proteolysis and thereby maintains low σ S levels in rapidly growing cells (25) .
Our data have also indicated that the ability to form biofilm was influenced by the density of the initial inoculum.
No differences between the arcB deficient mutant and the wild strain were demonstrated in biofilm formed under microaerophilic conditions when 10 6 CFU/ml starting cultures were used. However, when a denser inoculum was used (10 7 CFU/ml), an increased ability to form biofilm was observed for the arcB defective strain, when compared to the wild type. On the other hand, under anaerobic conditions, the wild strain formed more biofilm than the arcB defective mutant using either 10 6 or 10 7 CFU/ml starting cultures.
Biofilm formation requires a variety of genes including quorum-sensing systems, environmental sensing twocomponent systems, general stress response pathways, and those encoding surface adhesins involved in cell-cell or cellto-surface interactions (6, 7, 36, 38) . actinomycetemcomitans may exhibit different phenotypes according to its microenvironment in the oral cavity. 
CONCLUSION
